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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL LEMORANDUM NO. 496.

PHOTOGRAMEETRIC TAKE-OFF AND LANDING MEASUREMENTS.®*
By Bruno Spleweck.

Untll near the end of 1985, only the distance from the
starting to the take—off polnt waa measured in the acceptance
tests of an airplane. 8ince, however, it is of the utmost im-
portance for an alrplane to be able to rise over any obstacles
after taking off, the stipulations were changed to the effect
"that an airplane must reach a helght of at least 80 m (66 ft.)
within 650 m (2133 ft.) from its starting point.

The task then devolved on us to determine the first part of
the fllght path in the simplest possible manner. That is, the
measuring apparatus had to b; portable and render unnecessary
all distance mmeasurements on the aviation field. Theodolites
could not be used, or at the most only phototheodolites, when
thereby the basls could also be determined photographically.

In order to economize in personnel, a new method was used,
which required only one photographlc camera. We subseqﬁgntly
learned that this method had already been tried in Holland and

was described by A. G. Von Baumhauer under the title "Fotograf-

*"Photogranmetrische Start- und Landungsmessungen" from the Year-
bodk of the Wissenscheftliche Gesellschaft flr Luftfahrt, Dec.,
1926, pp. 79-84.. .

_See alsg articles on the same subject by P. Raethjen, in Zelt-
schrift fur Flugtechnlik und Motorluftschiffahrt, Dec. 14 and 238,
1936 (N.A.C.A. Technlcal Hemorandum No. 409: "Kinetographioc De-
termination of Airplane Flight Characteristics," 1937.
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1ache tﬁdstudies van vlilegtuigbanen® in Verslagen en Verhande-
lingen van dén Rijks-Studiedienst voor de Luchtvaart, Part III,
1925, pp..101-108 (For tramnelation, see N.A.C.A. Teqhnical Memosw
rendum No. 345: "Photographlc Time Studies of Airplane Paths,"
by A. G. Von Baumhauer). Nevertheless, we strove for greater
accuracy from the beginning. I do not consider it superfluous
to descrlbe the method here once more, especlally as it can also
be used in other fields of research.

Since the airplane starts against the wind, its direcgion
of motion is not changed at first end its flight path lies 1in a
single (vertical) plane. If the airplane, in starting, is pho-~
tographed directly from behind, 1ts distance from the observa~
tlon point at the instant the photograph is taken can be calcu-
lated from a known transverse dimension (e.g.,, span, or distance
between the struts or wheels). PFurthermore, the altitude of
the alrplane sbove the ground can be determined from its dis-
tance above the horlzon in the plcture.

Figure 1 illustrates the principle of the method:

r, digtance of observation poiﬁt from starting point;

e, ] n n LI alrplane;

b, span (or distance between struts or wheels);

a, width of plcture on plate;

h, measured height on plate;

f, focal length of lqns;

w, projectlon of e;
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x, ground dlstance of alrplene from starting point;
",&; altitude of alrplane above the Eround.

0 -denotes the position of the lens and hence the stand-
point of the obser;er; 8 18 the starting point of the alrplane;
F 1s the poslition of the alrplane; and M 1s the polnt where
the optlcal axls of the lens meets the plane of the plocture.

From the similar trlangles in Figure 1 and for the horizon-
tal distence w and the coordinates x and y of the alrplanse,

we obtain the three formulas:

w = bf, y = %?, X=W-T (1)

These hold good for the case when the optical axls of the
camera 1s horizontal and in the plane of the flight path.
Should this not be the case, i.,e., 1f the optlcal axls is in-
clined or if the airplane llies outside the vertical plane paes—
ing through the optical axis, allowance therefor must be made
in the calculatlion, 1f the devliations from the normsl case are
conslderable, If the plan form of the alrplane is known, a
further correction can be made, when the picture 1s not taken
directly from behind. HoweveT, this error can usually be dis-
regarded, since 1t increases only as the sosine of the angle
considered. )

The pictures were taken with a camera of 35 om (9.84 in.)
focal length with plates in exchangeable holders. Six pioctures

could be teken at intervels of 3-3 seconds. There was then a
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pause of 7-8 seconds to change plate holders, after whlch six
more plctures could be taken. “Sinde 1t was desirable to know
the exact time of the exposure, a stop watch, placed at the
focus of a lens, was slmultaneously photographed. Figure 8 1is
is such & picture. A special camera (Fig. 3) was made, in or-
der to simplify the proness.

With this camera, 30 m (98.4 ft.) of film 12 om (4.73 in.)
wilde, 1s passed from the upper box over a frame S X 18 cm )
(3.54 x 7.1 in.). A lens of 35 cm (9.84 in.) focal length is
so mounted that its optlral axls meets the fllm at a dlistance
cf 4 cm (1.57 in.) from its upper edge. It is therefore placed
eccentrically. Apother lens projects the image of the stop
watch on the film. Small notes can also be placed near the
watch. A half turn of the crank shifts the film and slimultane-—
ously cocks the shutter. Further turning releases the shutter.
The exposure may be made at deslred intervals of not less than
0.9 second. The camera 1s mounted on a tripod and is leveled
by three screws with the aid of two bevels on top of the camera.
A folding sight renders 1t possible to tell whether the alrplane
is still in the field of the camera. The camera 1s perfectly
fast, but can be turned horizontally by means of a releasing
device. This is especially important when the airplane flies
in a different direction than was anticipated. Moreover, by
turning the cemera 180°, it is possible to continue the exper-

iment, when the alrplane flies over the observer. The range
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of the experiment can thus be extended to abcut 3 km (1.86 mi.)
""" forTan ‘ordinary alrplane. .

Filgure 5 is a ploture taken wlth such a camers. The hori-
zon 1s indicated by two marks on opposite sides of the picture,
for which reason the camersa must be correctly leveled. The hor-
lzontal marks dlivide the picfure into two parts of 4 and 10 em
(1.57 and 3.94 in.) height. Due to the ecoentric position of
the lens, the fleld of the pilcture extends high sbove the hori-
zon. The stop watch, which shows twentieths of-a second, is
Plctured at the top. The nature of the experiment is noted on
a nearby card, in this ocase "G'" for "Geschwindigkeltsmessung"

 (speed measurement). Figure 6 comes from the South German
flight. Here the notations beside the watch mean experiment
No. 57, alrplane D 854, first start of this alrplane with 90%
disposable logd.

The measuring of the‘picture is done with a "comparator"
which permits an accuracy of 0.0l mm (0.0004 inch). The meas- °
urements are repeated severai times for increasling and verlfy-
ing the accuracy. These "ocomparator" readings are given in
Table I. If the span cannot be measured, any other transverse
dimension can be used. Thus in Table I two readings (3 and 5).

“of the distance between the wheels were made. With Junkers
airplanes the black stripes on the wings are clearly distin-
gulshable at long distances.
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TABLE I.
' Photogrammetric Flightﬁuea.eurement 1.
Starting Measursment 33.
No. t a h w y X
X 127.31 54.12
13 29 14
1 | 30.9" 30 10 66 0 0
127.30 54.12
0 73.18
) 110.78 65.086
11 75 . 10
2 | a7.an 76 08 103 o| 37
110.76 65.08
63" 45.68
87.20 85.54X
1! 20 53
3 | 33.2" 39 54 191 0] 125
89.20 85.54 3
12,.3" 3.66 H
94.11 73.2¢ | 113.32 113.0C
1t 12 23 28 0c
4 | 35.5 14 24 28 w0 | 331 < 1| 165
94.13 73.22 | 113.39 113.0C .
14.8 20.90 7.39
80.54 78.18& 113.93 112.50
1t 53 19 & 92 51
5 | 38,70 54 20 93 52 | 297 < 1| 331
80.54 76.19 § 113.93 113.51
17.8" 2.35 W 0.42 .
82.28 68.7C | 113.13 1123.17
1! 24 73 14 17
6 | 41.5" 24 73 13 112.18 | 358 1.4 | 293
N 82.35 68.73 | 113.13 112,17
20.6" 13.53 0.96
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TABLE I (Cont.)
" Photogrammetric¢ Flight Measurement 1. ~

Starting Measurement 33.

No. t a h w y x
. 69.64 61.13 113.56 105.16
At 64 14 54 16
7 50,78 63 16 - 58 18 573 17.0 | 506
' 69.63 61l.14 | 112.56 105,17
29.8 8.49 7.39 '
68.34 61.00 114.35 105.68
1 33 80.97 37 70
8 53.8" 30 98 36 73 660 | 23.8 594
68.32 60.98 114.36 105.70
33.9 _ 7.34 8.66
) 68.35 61.75 | 114.40 105.53
1t 38 73 38 53
9 56,.5" 36 74 42 54 733 | 36.1 | 667
68.36 61.74 | 114.40 105.53
35.6" 6.62 8.87
. 69.30 63.42 114.87 105.12
1t 30 4] 85 15
10 59, 5" 33 41 86 16 832 32.1 756
-l 69.31 63.41 114.86 105.14
38.6 5.90 9.73
71.19 65.89 114.14 103.234
21 31 79 10 24
11 3.7 20 80 10 33 896.| 39.0 | 830
71.80 65.80 114.11 103.24
. -4]1..8" 5.40 10.87
T73,.L0 68.20 | 114.80 103.36
3t 09 18 76 36
12 6.0" 12 18 76 34 986 | 45.1 | 920
. 73.10 68.19 114.77 103.35
45.1. 4,91 11l.43
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No dlstance measurements need to be made on the aviation
fleld. The 'distance r  of -the -observer from the starting point
is given by the first expesure, which i1s made at the instant of
starting. The distance of the lens from the ground must be -
known, since this must be added to the calculated altitude, in
order fo determine the flight altitude yiu

TABLE 1II
Photégramnetric Flight Keasurement 2

Starting ‘easurement 23

Time Distance Height v
No. 8 m m ka/h
1 0 0 0 21.2
2 6.3 37 0 52.9
3 12.3 125 0 62.6
4 14.6 165 <1 74.1
5 17.8 231 <1 78.6
6 20.6 2923 1.4 84.0
7 29.8 506 17.0 102.5
8 32.9 504 22.8 97.5
9 35.6 667 26.1 106.5
10 38.6 756 32.1 83.9
11 41.8 830 33.0 98.5
12 45,1 920 45.1

The results are recorded in Table II and by the curves in
Figure 7. Accordingly the take—off point is 160 m (535 ft.)
from the etarting point. The length of the run 'can be very accu-
rately determined, if it is accurately timed. For the accurate
determination of the run, the distance must be added which is
traversed by the wind during the startlng time. The starting

or take-off tilme was 14 seconds and the wind veloclty was 5.5
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m/s (18 ft./sec.). Accordingly, the true take—off distance was

160 + 14 x75.5 = 310 m (689 Ft.Y.

Acoording to the upper curve in Figure 7, the starting speed
increases very rapldly and attains the velue of 65 km/h (40.4
mi./hr.) at the take—off. To this should be added a wind speed
of about 20 km/h (13.4 ml./hr.), so that the actual take—off
speed is 85 km/h (53.8 mi./hr.). The speed then inoreases grad-
ually and falls agaln after a distance of 700 m (329Y ft.) and

“then increases again. At thils point the flight path first be-

comes steeper and then again flatter.

In Figure 8 the take-off speed is 74 + 11 = 85 ¥m/h (53.8
mi./hr.). The ailrplane rnse at the same speed until it was near-
1y 1000 m (3280 ft.) from the starting polnt, when the speed in-
creased somewhat and the flight path became correspondingly
flatter.

Figure 9 was obtalned with the new samera. Here the expos—
ures were made at shorter intervals and included the take—off
run. The tske—off speed was 78 + 8 = 86 km/h (53.4 mi./hr.),
while the previous measurement gave 85 km/h (52.8 mi./hr.).

The agreement was therefore very good. The same value was found

by a comparative measurement with an alr-speed indilcator. . The

" dlsadvantage of the latter consists in the fact that this de-—

gree of accuracy can be obtained only with rapidly revolving
drums and hence for only a very short space of time.

All three starting measurements show the same fact, that
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the airplane, after taking off, hovers above the ground for a

" phort distence, before beginnliig to climb. The speed increases

very rapldly at first and the airplaﬁe nlimbs somewhat farther
at the take—off speed and then assumes a uniform climblng speed.
In the first experiment (Fié. 7) the speed curve olimbs some-—
what.slower than 1n the others. ‘This was made wlth a heavy
commexrclel alrplans, which had to overcome a greater lnertia
than the others.

Figure 10 represents a ‘landing glide to the first contact
with the ground, the airplane flying toward the observer. It
sank gradually at first, then somerwhat faster and finally hov-
ered close to the ground for about 300 m (856 ft.). Correspond-
ingly, the speesd flrst derreassd, then increased somewhat and
then remained at 88 km/h (54.7 mi./hr.) shortly befsre landing.
With a wind velocity of 10 km/h (6.2 mi./hr.) the landing speed
was accordingly about 98 km/h (61 mi./hr.). The experiment had
to be interrupted because the alrplane taxled directly past the
observation point. Hence the next landing test (Fig. 11) was
so made that the alrplane flew over the camera before the landing.
It was therefore only a short dlatance above the ground, hovered
for qulte a leng distance and then landed at a distance of 316 m
(1033 ft.) with a speed of 70 km/h (43,5 mi./hr.). At a wind
velocity of 8 km/h (5 mi./hr.) the landing eﬁeed was accordingly
78 km/h (48.5 mi./hr.).
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TABLE III.
Photogrammetric Flight lieasutrement 3.

Speed Heasurement.

Time Distande Height Speed
No. a m ‘m km/h RemaTks
1 0 233 51 141 With
3 2.6 335 53 151 the wind
3 5.7 4656 55 148
4 8.1 562 57 144
5 10.55 660 60
1 0 565 36 105 Against
3 4.8 435 33 139 the wind
3 8.8 304 av 109
4 11.3 2290 a7 101
5 13.4 170 38

Results: With the wind, 427 m in 10.55 s, 148 km/h (90.7 mi./hr.)

Agalnst ™" n 3956 " 1" 13.40 8, 106 r (65.9 " )
Ground speed of airplane, 126 " (78.3 " )
Wind velocity, _ a¢ " (12.4 " )

Table III gives the results of a speed experiment. The alr-
plane flew twice over the onamera, with the wind and against the
wind. The total dlstance and the total time in one dlrection
were determined. The time values served only for centrol, as to
whether the altltude remalned nearly constant c¢r nat. The speeds
were naturally not so accurate, because the exposures were nade
at very short intervals. We here had a wind.velccity of 20 m/s
(65.8 ft./sec.), while 5 m/e (16.4 ft./sec.) or 18 km/h (11.3
mi./hr.) was measured. The alr speed was accerdingly 136 km/h

.(78.3 mi./hr.). The accuracy of a speed measurement depends on
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the aocuracy with_which the time can be read. The range of er-—

ror of a measurement can therefore be readily determined.‘ If a
watch 1ls used which indicates twentieths of a second, the error
cannot exceed 1/80 of a second. In order, therefore to deter-
mine the speed to within 1%, 2.5 senonds must elapse between

two successive exposures. In testing the accuracy of the fllght-—
path aeasurement, 1t 1s obvlously not sufficient to say that
readings can be made with the "comparator" to 0.01 mm (0.0004
in.) but it is ~hiefly a ques*tion of how accurately 1t can be

adjusted. For this purpose aeveral readings must be made. 1In

the formuls

-

w = bf (2)
a

b and £ are ~onstant and the size of the lmage a 1s dimin-

ighed by . Aa for an innrease of Aw in the distance w.

Hence
w+Aw = bf
a—-As
from whlich follows
Aw=_08 (3)
a - Aa

Correspondingly we obtaln from the second formula (1)

Ay _Ah
The error in the determination of the altltude is proportional
to the .error in the reading. Let reading 8 in Table I serve

as an example for formuls (3).
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Neadings a A AA
€8.34 61.00 7.34 0 4
33 60.97 36 3 0

30 g8 33 -2 4
7.34 0 8

The mean error in reeding 1s

/%.: +3, whense a = *0.03 mm (0.0008 in.)" eand

AW = ssohgzgg =+ 1.80 m

Aw = 380 a%;%% = - 1.79 m

The mean value of the distance is therefore 1.8 m (5.9 ft.) at
w = 660 m (2165 ft.), which is 0.37%.

This error can generally be reduced by teking a larger num-
ber of readings. For Figure 5 the followling ten readings were
taken.

Readings a A AN
109.72 116.53 6.81 +1 1l
72 53 80 +2 4

71 54 83 -1 1

71 53 81 +1 1

71 53 83 b B 2

70 53 83 0 0

72 53 81 +1 1

71 53 83 0 0

69 53 83 -1 1

70 55 . 85 -3 9
6.82 0o 18

Here the mean error 1is

/1?8 = /2 = *1.4,

whence, for the errors in the distance, we obtain
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.. Aw=13542:0lk = 0.73m

Aw = 354 %%%% =-0.726 m

cr about 24.

The last readings werse taken from a motion;pigture film.

The accuracy, even in unfavcrable cases, is within 0.5%
and is therefore R~ great that the methond can be ysed even for
fine measurements. It was used in the D._VL L. (German Research
Institute for Aeronautics) irn anneptance tests and lastly in the
South German Reund-Flight Contest. Monreonver, it 1is to be used
in seaplane contests, sin~e it 18 espe~lally sultable for meas-
urements with seaplanes.

The camera can alsc be advantagenusly used for other meas-—
sureaents, e.g., ln flow regearch, as described in Zeltschrift
flir Flugteschnik und Motorluftschiffahrt No. 9, 1926;* further-
more, for photographing proceéses which take pla<ze s}owly and
for which an crdinary motlon-plicture vamera 1is too small; as,
for example, in cloud measurements.

Translation by Dwight M. Miner,

National Advisory Committee
for Aeronautics, ’

*P. Raethjen, "Das zweldimensionale, atmosphéirische Stromfeld
um ein Hindernies" (The jwo-dimensional fleld of flow around an
obstacle), Zeitschrift fur Flugtechnik und Motorluftschiffahrt,
May 14, 1926, pp. 185-193. .




N.A.C.A. Technical Memorandum No.496
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